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PRQCESS FOR PREPARING A POLYMER DISPERSION 

The bwentian relates to a proce^ for preparing an aqueous dispersion of 
a polymer, which polymer is obtedned by dispersing or di^oiving a starting polymer 
containing anhydride monomer units and vlr^ aromatic monomer units in an aqueous 
soiufion of NHs or an amine and sui3|ecting the starting polymer to an tmidization reaction. 

Such a process is known from EP-A-1 060197. EP'A-1080197 describes a 
process wherein a styrene malelc anhydride copolymer (SMA) Is dissolved in ammonia, 
vinth a ratio of ammonia to maleic anhydride (MA) being equal to or greater than 2:1 . in this 
process 81^ is not more than 75 % imidlzed. EP-Arl 060197 also includes a comparafive 
example of a polymer dispersion prepared according OE-Ar172074a. DE-A-1 720746 
describes an aqueous disper^on of a polymer obtained by subjectii^ an SMA to an 
imidizafion reaction in an aqueous solution of NHsSt a temperature above 120<^. 
According DEnA-1720746 the resulting polymer dispersion contains no more« or virtually 
no more, maldo anhydride. The degree of intidizalion in the samples of is not revealed* in 
the comparative example of EP-A-IOeOIS? made according to DE-A-1720746 the SMA is 
89% imidlzed. It has been observed that a dispersion with such a high degree of 
imidization has a very wide particle size distribution and that complete Imidlzation in thi^ 
process leads to the fomiation of an unstable dispersion, fonning a sediment already after 
standing for a short period. 

A polymer dispersion as according to EP'A-1060197 can be api^ied as a 
coating for substrates, such as paper. A coater is used in applying the dispersion onto 
paper. A drawback of the Icnown dispersion is that during drying and calendering the 
particles fuse» resulting in film fomfiation. Such film fbmiafion prevents rapid removal of a 
solvent when the paper Is suljected to a printing process employing a dissolved ink or an 
ink based on a colorant dispersed in the solvent. 

The object of the Invention is to provide a process for preparing a 
dispersion suitable for paper coating tiiat shows a more rapid removal of the solvent and 
thereby faster drying of the printed substrate compared to the dispersion according to the 
known process. 

This object is achieved by the process wherein the reaction is canied out 
in the presence of an alkali salt of an acid functional polymer containing acid functional 
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monomer unite and vinyl aromatic monomer unfts wfth a temperature at which and a time 
pen'od during which the reaction is c^ed out being so chosen that at least 80% 
imidfzatton. relative to the ar^dride monomers in the starting polymer, is achieved. 

In this manner ihsre is pmvided a dispersion that exhibits less fibn 
fbrmation and better ret^on of ttie structure of 0te particles duiing paper coating 
processes than the di^^rsion according to the known process. The advantage of a pap^ 
coating prepared with this dispersion is that it is microporous so that ink solvents and 
dlspersants can be removed rapidly. A ftjrther advantage of the inventive process is that it 
allows the preparation of dispersions witii complete imidization and good stability, having a 
narrower particle size than disperstons witii a high imidization degree prepared according 

to tiie known process* 

In tiie context of the invention a polymer dispersion is understood to be a 
composition comprising a continuous liquid phase and a polymer phase finely dispersed in 
said continuous liquid phase in the form of fine particles. In line herewitii, a polymer in a 
disven^ed state is understood here and hereafter to be the situation wherein the polymer is 
divided In the form of small particles* separated from each other by the continuous liquid 
phase. GeneraDy the average particle size of the polymer particles in the polymer 
dispersion according to the invention is between 1 }im and 10 nm. The average parflde 
size can also be larger than 1 ^ as well as smaller than 10 nm. 

The starting polymer with which the dispersion Is prepared contains 
anhydride funcBonal monomer units and vinyl aromatic monomer units. Suitable polymers 
that can be used as the starting polymer in tiie process according to the Invention may be 
any vinyl aromatic polymer containing monomer units bearing anhydride functional groups 
and which poiymv can be dissolved or dispersed, eitiier by Itself or upon neutralisation 
with ammonia or an amine, hereaft^ together referred to as RMH^ in aqueous medium* 
and which anhydride functional groups can react with tiie same R-NHa to form an Imide 
group. 

Generally, tiie sorting polymer Is a thenmoplastic anhydride functional 
addition polymer, obtainable by copolymerisation of anhydride functional monomers, 
aromatic vinyl monomers and optionally otiier vinyl monomers. 

Suitable vinyl aromatic monomers that can be used in the starting polymer 
are, for example, styrene, a-metiiyl styrene, vinyl toluene, and indene. The starting 
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polymer preferably conteins styrene monomer unite. 

Suitable anhydride functional monomers that can be used in the starting 
polymer are, for example, a-p-unsaturated dicarboxyllc anhydrides, such as mafefc 
anhydride, cltraconic anhydride, and itaconic anhydride. The tstarting polymer preferably 
contains maleic anhydride monomer units 

Suitable other vinyl monomers, ttat optionally can be used in the starting 
polymer are, for example, mono-olefinio unsaturated hydrocarbons, a-p-unsatur^iled 
c^ridoxyRe esters, halogenated olefins, and mixtures thereof. 

Suitable mono-olefinlc unsaturated hydrorarixtns, are for example, 
unsaturated hydrocarbons with 2-12 C-atoms. such as ethylene, propylene, Isobufylene, 
and isobutyiene. 

Suitable a-p-unsaturated carboxyllc esters are, for example, acrylate 
esters Qika ethytacrytate, butytacrylate and a-ethylhexylacryiate). methacrytate esters (like 
methylmethacrylate and ethylmethacrylate, 2-hydroxyethylmethacrytate}, and maleate 
diesters (like dioctylmaleate). 

Suitable halogenated olefins are, for e}(Bmple, vinyl chloride and 
viriylMene chtoride* 

Preferably, the starfing polymer comprises at most 20 mole % of other 
vinyl monomers, relative to the total of anhydride functioned monomers, aromatte vinyl 
monomers and other vinyl monomers, more preferably at most 10 mole %, and even more 
preferably at most 5 mote % of other vinyl monomers. An advantage of a lower mote % of 
other vinyl monomers is that the polymer has a better thermal stability and can be 
processed at a higher temperature, thereby enabling the process to be carried out in a 
Shorter time. A further advantage Is that the resulting dispersion shows an even better 
particle integri^ in a paper coating application process. 

More preferably, the starting polymer is a copolymer of an ccrp- 
unsaturated dicdrt)0)vlic anhydride and an aromatic vinyl monomer. The advantage is that 
the effects mentioned here above are even more enhanced. A further advantage is that 
the dispersions have even better stability at the very high processing temperatures that 
have to be applied for obtaining a very high degree of Imldlzatlon. 

The starta'ng polymer preferably contains at least 10 moI%, more 
prefenebly at least 15 mol%. even more preferably at least 20 mol% unsaturated 
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dicarboxyllc anhydride monomer units, relative to the total of monomer units in the starioig 
polymer. The higher the content in an anhydride of an o-p-unsaturated dicarboxyttc add, 
the higher is ttie content of imide groups in the polymer dispei^lons that can be oi>tained. 

In a prefen^ embodiment the starting polymer Is a mpolymer of an a-p- 
unsalurated dicarboxyllc anhydride and an aromaGo yflnyi monomer containing 22-36 mol% 
df OFp-unsaturated dicartK»QfDc anhydride monomer units and 64-78 mol% of aromaSo 
vinyl monomer units. Imidization with such a polymer proceeds felriy rapidly. More 
preferably, Imldteation te proceeded to compii^on. In ttiat case a dispersion can be 
obtained of a polymer having a glass transition temperature higher than 1 60^C. 

The molecular mass of the starting polymer may vary between vinde limita 
The starting polymer generally has a mass-average molecular mass (M^) of between 
10«000 and 300,000 g/mol. though a Mw as low as 5.000 g/moi or even lower may also be 
used or an higher than 300.000 g/mol may also be used. 

Pr^rably, the Miy is lower than 200,000 g/mol, more preferably lower 
than 160.000 gftnd, and even more preferably lower than 100.000 g/mol. A low l\/U la 
advantageous since It generally requires less energy input and/or a lower proo^ 
temperature for convertir^ the starling polymer into a polymer dispersion. In this way also 
dispersions with a relative high solid substance content can be obtained while the viscodty 
during the process remains relatively low. 

Preferably, the starting polymer has a Mw of at leasf 20,000 g/mol, more 
preferably at least 40,000 g/moi. and most preferably at least 60,000 g/mof . The 
advantage of a higher Is that the Tg of the polymer in the resulting polymer dispersion 
is higher. Above a certain Mmt. depending on the type of starHng polymer, this effect levels 



water. The R group in ttte HMH2 products that are suitable fbr use In the process 
according to the invention ere, fbr example, H, CrC^s allcyl groups and Ce-Cisaryl or 
arylaikyi groups. It is preferable to use ammonia or an aliphatic amine, which aliphatrc 
amine is a primary amine. Examples of suitable amines are butyl amine and stearylamine. 
MorQ preferatdy, R Is H or a 01-04 alkyi group, even more preferably R = hydrogen. The 
advantage of R - hydrogen is that a polymer dispersion is obtained that even better retains 
the particles integrity upon film fomnatlon In a coating process. 



Ammonia and the amine are generally used In the fonn of a solution In 
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To adiieve 3 degree of imidization of at least 80%. R-NHe is used fn an 
amount, corresponding wWi a molar ratio relative fo tfie molar amount of anhydride 
functional groups in the starting po^mer, of at least 0.8. Generally, R-NH2 fs used in a . 
molar ratio relativd to the molar amount of anhydride l^nctional groups between 0.8 and 2, 
preferably between 0.8 and 1.S, more preferably between 0.9 and sfilt more preferably 
bttfween 1 and 1 .5. A lUgher molar ratio allows the Imidization to proceed fester, and a 
Mgher degree of inddlzafion. the efteet of whteh is that the resiming dispersion better 
retains its partides fntegri^ in a pap^ coating process. 

In another preUhnsd ^bodintent the ratio is at most 1. A lower maximum 
ratio allows pnsparation of a disper^on with a lower residual R-NHaContent and a lower 
pH. which is advantageous when the dispersion is used in a paper coating. 

More preferably R-NHa is fUBy consumed In the fmldizatfon reacUon. Thfe 
has the advantage mat the dlspesfon resulting is absent from obnoxious odour. 

Most preferably the ratio is 1. Complete imidization does not talce place at 
a ratio lower than 1. 

The add funcUonal polymer that can be used in the fbnn of an aBoali salt 
In the process acoording to the invenfion may be based on any type of polymer oontalnir^ 
acid functional monomer units and vinyl aromatic monomer units Wherdn the amount of 
acid fUn<^onal monomer units is such that the acid functional polymer can be dispereed or 
dissolved in water upon neutralisatfon of at least part of the add funcfional groups wrfth an 
alkali hydroxide as neutralizing agent, and which polymer, in the fbmi of its alkali salt, is 
capable, when used in an effective amount, of stabilizing the dispersion fomied in said 
process. 

Sitftable addfundianal monomeiBare^ for example, carbo^Qrlic add 
functional monomers, eulphonie add functional monomere and mbdures thereof. 

Suitable add functional polymers are. fbr example, theranoplastio addition 
copolymers of vinyl aromatic monomers, add fUndlonai monomere and optionally other 
vinyl monomers. 

Suitable vinyl aromatic monomers that can be used In the add functional 
polymer are, fbr example, slyrene, a-methyl styrene, vinyl toluene, Indene and mixtures 
thereof. The add fundional polymer preferably contains s^ene monomer units. 

Suitable carfo<»{ylic add functional monomers are, for example 
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ethyienicdlty unsaturated mono-carboxylic actds and elhylenicalty unsaturated di^rboxyac 
adds. In the context of the Inventton ethytenlcally unsaturated dlcarboxyUc adds are 
understood to include the ^dic anhydrides of th»e dicart}oxyDc adds and half esters 
thereof. 

Suitable ethylenlcally unsaturated mono-carboxyllc acids are, for 
e)campte, achylic add and methaoyBc acid. 

Suitable ethylentcaUy unsaturated dl-carboxylic acids indude a-p- 
unsalurated dtearboxyilc add (such as maleic add, fumaric add, dtraconic add, and 
Haconic add) and anhydrides and ha^ esters ttiereof . 

A suitable sulphonic add functional monomer ie, for example, styrene 

sulphomoadd. 

Suitable other vinyl monomers, that optionally can be used in the add 
functional polymer are, for eo^mple, mono-oleflnto unsaturated hycfrocarbons, a-p- 
unsaturated cariaoxyHc esters, hdogenated oleRns, and mixtures thereof^ Examples of 
suitable vinyl monomers arettie same as given above. 

Preibrably, tlie add functional polymer comprises at most 20 moi % of 
other vinyl monomers, relative to the total of acid functional monomers, aromatic vinyl 
monomers and other vinyl monomers, more preferably at most 10 mole %, and even more 
preferably at most 5 mole % of other vinyl monomers. An advantage of a lower mole % of 
other vinyl monomers is that the process can be canled at a higher temperature, thereby 
enabling a shorter processing time, and/or a higher degree of Imldization. A further 
advantage is that the resulting dispersions have a better thermal lability. 

Very advantageously, the add funcSonal {Kriymer is a copolymer of vinyl 
arDmaSc monomers and a-p-unsaturated dicarboxyllc add monomers, or the anhydride 
thereof. The advantage is that even higher processing temperatures can be used, and an 
even higher degree of Imldizafion can be obtained while maintaining the good thennal 
stability of the polymer dispersion prepared by said process. A further advantage rs ttiat 
the resulting disper^on shows an even belter partide integrity in a paper coating 

api^ication process. 

Wlost preferably, the add functional polymer is a copolymer prepared from 
maleic anhydride and styrene (SlUA). The advantage Is that such copolymers are 
Industa-ially available. 
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Add functional polymers. si.AaUe fbr use In the process aceoRiIng to ihe 
invention can be prepared wifii the aid of known processes^ f9r example with the process 
for the preparation of a copolymer of ma/eic anhydride and styrene described Hanson 
andZfmmeiman, Ind. Eng. Chem., vol. 49, No. 11 (1957), pp.l803-l807. 

The amount of add funcflonal groups In the acid functional polymer can 
vary mtttin a wWe range. Generally, the acid funcfional polymer has an acid functionaiity, 
eqsressed as the miiilinolar equivalence of add functional groups, relative to the yreight of 
add functional polymo' fan grams (meq/g). of betuveen 2 and 12 meq/g. An acid 
(Unctlonaliiy above 12 m^Q may give rise to viscous sotulions and Insiffident sfaUii^ of 
the resulting dispersion, and an acid functionalify below 2 meq/g may prevent conversion 
of the starting polymer info a stable polymer dispersion with a Imfdlzation degree of at least 
80%. The limits of the content, however, also depend on the neutinalisa8on rate In altcali 
salt of the acid functional polymer. Acid ftjncfional polymers with an add functionality of 
less than 2 meq/g are not exduded from the invention, but gen^liy have to be used in a 
mudi h^er amount rdaNve to Vne starting polymer, to be effective. Also add functional 
polym^ with an add ftmctionalHy of aboye 12 meq/g may be used. Generally, such 
polymers have to be used writh a neutralii»tion rate lower tfian 100% fo be ene<^. 

In a prefierred embodiment the add functional polymer contains 3-12 
meq/g of acid functional groups. More preferably, thfe content is between 4 and 12 meq^. 
even more preferably between 6 and 12 meq/g. 

The advantage of a higher minimum amount of add functional groups is 
that ihe add ftjncBonal polymer can be used in lower amounts for obteining a dispersion 
with a small partide size. 

In a prefisrved embodiment of the inventive process, the alkali salt of add 
functional polymer is an alkali salt of a copolymer of s^ne and mal^ anhydride (SMA) 
with a maleic anhydride (MA) content of at least 20 mol%, more preferably at least 30 mol 
%. The advantage of tfiis more prefeaed embodfrnenf. is that themialty eteble dispersion 
with sma/ler particles can be prepared, and flie process can be perfomied at higher 
temperature. 

. . The alkali salt of the acid functional polymer that can be used in the 
process according to the invention can be a lithium salt, a sodium salt or an potassium 
salt Pr^Ser^iy the alkali salt Is a potassium salt 
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A neutrali^'on rate of the atkafl rait of the add functional polymer, 
expressed as the molar ratio of alkali ions versus the total of neutralised and norv 
neutralised add groups in the carboxyl add functonal polymer, may vary widely, but 
preferably is 0.5 - 1. A neutransaSon rate In woess of 1 may be used, but should be kept 
limited in order not to detract from the advantages of the invenfion. A neutraflsaflon rate of 
less than 0.6 may be used as well, in parficu^ In combination with an acid functional 
polymer with a very high content in add function^ monomer. 

AAore preferably the neutralization rate is 0,75 - 1 . and most preferab^ the 
neutrafization rate is 1 or nearly so. The advantage of a higher neutralization rate Is that an 
acid fundionai polymer with a lower content of add groups can be used for having the 
same amount of neutralized acid groups and/or the more effective the add functional 
polymer is in the inventive process, allowing the add functional polymer to be used fn a 
lower amount relative to the staiting polymer. 

The mass average molecidar mass, Mw. of the add functional polymer 
can vary over a large range and generally is between 500 and 1 50.000 g/mol. Preferably, 
the Mw i& at most 100.000 g/hnol, more preferably at most 50.000 g/mcl, even more 
preferably at most 20.000 g/mol» still more preferably 10,000 g/mol and most preferably 
approx. 1000 g/mol. An advantage of an add fundionai polymer with a lower molecular 
weight is that solutions containing such polymers have a lower viscoaty and are easier to 
handle vAten used In ttie process according to the invention. A further advantage is that 
use of such an acid fiinctional polymer In the process according to the invention allows the 
formafion of dispersions with smalier average paitide size. 

A prefened embodiment of the invention relates to a process for preparing 
an aqueous dispersion of a polymer, which polymer is obteuned by dissolving a starting 
polymer containing maleic anhydride (MA) monomer units and vinyi aromatic monom^ 
units in an aqueous solution of NH3 or an amine and subjecting tills solution to an 
imidization reaction wherein the reaction is carried out in the presence of an alkali salt of 
styrene mateic anhydride copolymer with a molecular mass of from 500 to 1 0,000 g/moI, 
more preferably 1000 g/mol, an MA content of more than 30 mol %, with tiie temperature 
at which and the period during which the reaction Is canted out being so chosen fliat 
complete imidization is achieved* 
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An advantage of this prefierred embodiment is tfiat It enables a cSspereion 
to be made with a solids content df more than 30 wL% and even more than 40 wL%. A 
ftirther advantage is tiiat it enables a dispersion to be made with partfdes, the average 
particle size of Which is smallef ttian the wavelength of visible light The average partide 
^ generany Is betwem 20 and 400 nm. In this manner there is provided a dispersion 
that can be applied as a coating for paper* on which it can serve as a high-gloss topcoat 

In the process aocordmg to the invention generally water (s used, thereby 
fbmnlng an aqueotis liquid phase. This aqueous phase» however, may also comprise, n^ 
to water, organic solvents mlscible with water, and/or other components soluble in water or 
in the mixture of water and organic solvent or organic solvents, as long as these organic 
solvents and other components dont interfere, or not significantly 8o» with the conversion 
of »ie starting polymer into the polymer dispersion or with the stabilization of said polymer 
dispersion. Such organic solvents and other components, which are considered Inert fbr 
the process according to tiie invention* are generally used In minor amounts* if any at all, 
or can be removed during or after the (Mrocess by distillation. 

Suitable solvents are, for example* acetone, methylethyllcetone and 

<^ohexanone. 

Preferably, the amount of water in the aqueous phase Is at least 75 wt% 
relative to the total weight of the aqueous phase, more preferably at least 80 wt% relative 
to the aqueous phase. Most preferably, water is used as the aqueous phase. 

The aqueous phase may also comprise an emuisifier. An emulsffler may 
help In dispersing the sterflng polymer and in converting the starting polymer Into the 
polymer diversion as according to tiie process of the invention and/or In stabilizing said 
dispersion. Suitable emulslflers may be anionic surfactante and nonionic surfeictente* 

Suitable anionic surfactants are, for example, alkaly metel salte of alkyl- 
and alkylaryl- sulfonates* [such as the sodium saite of (C-| q-Ci 3) aOcyibenzene sulphonic 
adds], metal satte of alkyi- and alkytaryf-sulfates, allcyt-and alkylaryl phosphates* and 
allcylammonlum salte {such as stearyldlmethylbenzylammonium chloride]. 

Suitable nonionic surfactants are* for example, polyethylene oxide 
adducts such as polyeUiyleneoxide-poiypropyleneoxide block^polymers and 
polyethylene oxide adducte of long chain aliphatic and aliphatic-aromatic alcohols. 

Metal salte of aikyi- and alkylaryi- sulfonates and alkylammonium salte ar^ 
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preferred because these emulsifiere are less sensitive to hydrolysis and are more effecGve 
at elevated temperature. 

PreferabV' the aqueous phase does not contain an emulstfier and the 
inventive process is carried out as an emulslfier free process. The advantage is that the 
dispersion obtained with the process accorcGng to this embodiment of the invention shows 
a reduced tendency to stebilise any foam when used for example in a paper sizing, A 
further advantage is that the polym^ particles better keep their inl^iity in a paper coating 
processes. Furthermore, the coatings prepared from eaid dispersion are less water 
ser«sitiV6 and the use of this composiSon for paper sizing result in paper with better inf^M- 
printing pmperties for example Mrith respect to vsdcking, bleeding and blackness. 

In the process according to the invention, the acid functional polymer can 
be used in an amount In which the weight ratio of the acid functional polymer relative to 
the starting ptdymer, can vary over a vwde rar^e. Generally, the ratio varies between 
0.005:1 and 0.10:1. The acid functional polymer may be used in a ratio, relative to the 
starting polymer, lower than aO05:1 or higher than 0.10:1. Preferably, the ratio is between 
0.01 and 0.05. 

A ratio of at least 0.00S:1 is advantageously appBed for preparing a 
(Sspersion with smaller particle size. 

A ratio of at most 0.10:1 is advantageously applied for preparing a 
dispersion with a higher solid contents. The minimum amount at which the add functional 
polymer Is still effective as well as the optimum amount, depending on the particle size 
and/or solid contents desired, can in principle be detennlned experimentally by a person 
skilled in the art through systematic trials. 

The starting polymer and alkali salt of the add ftinctional polymer are 
generally used in such an amount* relative to the amount of water* that a dispersion with a 
soikl content of 10-60 wt % or even higher Is obtsdned. More preferaUy, the solid content 
is at least 25 wL%, even more preferafcriy at least 30% by weight, still more preferably at 
least 40 wt%. 

The process according to the invention is generally carried out by first 
forming a mixture of water, the starting polymer, the alkali salt of the acid functional 
polymer and ammonia or amine. The mi^dure may be formed by mixing the starting 
polymer witti water, which may or may not contain an emulsifying agent The water with 



04-03-2003 10:39 



PATENTS TRfiDEMftRKS 



■31 46 4760011 P. 19/30 
019 04.03.2003 10:30:4€ 



-11- 



the starting pofymer Is mixed may wmprise ammonia or an amme andfer tfie ali^R of 
th© add fimcaonal polymer. Ammonia or an amine and/or tfie alkaR salt of the acid 
lunctfonal polymer may afso be added to the water after the starting polymer is mixed with 
the water. Ammonia and the amine are generally added in the form of a solution in water. 
The thus fdrmed mbAurs of the starting polymer, water, ammonia or amine and the aBcali 
salt c* the add ftimMonal polymer Is then heated under stirring to the selected reaction 
t^perature and kept at that tempersAure under sHntng for the time period necessary for 
ol>talnlng the dedred degree of imidization. 

The process according to the imrention for converting the starting polymer 
Into a polymer dispersion can be canled out under any process conditions suitable for said 
procesa The process Is generally earned out at elevated temperature (i.e. above room 
temperature), for example, above the boiling point of the aqueous phase under 
atmospheric pressure and up to 200''C. If the process temperature is above the boiling 
point <rf the aqueous phase under atmospheric pressure, the process is generally carried 
cut under elevated pressure, relative to atmosftftertc pressura 

Preferably the process is carried out A a temperature 2^ove ttie Tg of the 
stertlng polymer. If the starting polymer has a melting femperafuie, the process is 
preferat)ly carried out at a temperature above said melting temperature. 

The conversion is preferably earned out at a temperature between 120^0 

and ISO^'C. 

In case the add functional polymer is an SMArCOpolymer, the process Is 
preferably cammed out at a temperBture above 140^C. still more preferably above 160**C. A 
higher jeacBon temperature generally resuKs In higher conversion rates in shorter reaction 
times. The advantage of a higher process tempaature is that conversion requires less 
Input of medianicai energy and that a polymer dispersion \nrfth smaller parOcle sface can be 
obteined. Furthermora, polymers with a higher degree of imldl^allon can be obteined. 

In another prefened mibodnment of the process* the tempen^ture Is 
between 150 and160^C. because at that temperature there can be obteined a dispersion 
that is well defined In terms of properties and composition and with high reproducibility. 

The time needed for achieving the desired degree of imidizafion up to 
virtually complete Imidizatlon of the anhydride monomer units in the starting polymer 
depends on the chosen temperature, pressure, the reactor, the starting amounts, and the 
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like, and can readily be determined by e^qseilmenfs. The fmidkati'on reaction can be 
stopped or at least heavOy retarded by reducing the process temperature to less than 
SS^'C, more preferably below SO'^C. 

In the process comprisir^ according to the invention, the starting polymer, 
together with the aqueous solufion of NHg or amine and the alkali aaft of the carboxyl add 
ftjnctionai polymer may be introduced into a suitable reactor, with the temperaUire being at 
least 120*^, with the pressure being so high that the aqueous solution cannot bdl. 

The proofs of conver^on of a starfing polymer info a dispersed state 
according to the Invention may be peifonned in any apparatus, suitable for that |>un;K)se 
known to the man sidlled in the ait The process according to the invention can be cam'ed 
out in leactors and vessels of many different types* Generally, the apparatus is fitted with 
means for stirring, or comprises other means for applying shear forces upon the starting 
polymer to be dispersed. If the process is canried out at a temperature above the boiling 
point of the aqueous phase, the process may generally be carried out in a pressure 
apparatus. 

Suitable apparatus are, for example, continuous stirred tank reactors, 
kneaders (like a Brabender kneadei), end high shear mbdng apparatus (such as an 
extruder). Suitable apparati^ that can be used for the process to be carried out under 
pr^ufB are, for example, autoclaves or extruders with a pressure section. Preferably, the 
apparatus Is an extruder. The advantage of an extruder is that high processing 
temperatures can be applied, that polymera with high Tg and/or melting temperature can 
be processed at high throughput rates, and that polymer dispersions with high polymer 
content and/or high viscosities can easily be processed. 

The invention also relates to an aqueous disperdon of a polymer 
containing Imlde funoHonal groups, vinyl aromatic monomer units, and optionally anhydride 
monomer units, characterized In that the ratio of imide functional groups to anhydride 
monomer units is at least 9 :1. Thte aqueous dispersion has the advantage according to 
the invenQon described above. 

The invention also relates to an aqueous dispersion of a polymer 
containing imide functional groups, vinyl aromatic monomer units, and opfionaliy anhydride 
monomer units, characterized in that the ratio of imide functional groups to anhydride 
monomer units Is at least 4:1 and the disp^sion has a solids content of at least 30 wt %. 
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Such a dispersion presents the advantage that, after being applied onto paper, (t dries 
rapidly and do^ not exhtbit any splitting. No or relatively little misting arises during 
application in fibn press applications. A further advantage of the dispersion accoidlng to 
the Invenfjon is that it has a relatively narrow particle size distribution. 

The dispersions according to the invention are obtainable by the process 
according to the Invention. 

Pretisrabty the dispersion has a solids content of at lea^ 35 wt.%. more 
preferably 40 wt%. A higher soHd content has the advantage ttiat a paper coating with a 
higher solid content <»n be prepared and drying of the paper coating in a paper coating 
process can be accompRshed in a shorter time. 

The ratio of imide functional groups to anhydride monomer units 
preferably is at least 9:1 , more preferably at least 99:1 . The advantage of a higher ratio of 
imide functional groups to anhydride monomer units Is that a paper coating process 
wherein a paper coating comprising the dispersion is applied, can be canled out at higher 
processing speed with retention of the fiaster water removal propertim of the resulting 
coating. 

In a pr^red mode of the invention, the aqueous dispersion Is an 
aqueous dispersion of a polymer containing malefc anhydride (MA) monomer units and 
vinyl aromalfc monomer units, wherein the MA is virtusHy completely Imidlzed and the 
dispersion has a solids content of more than 30 wt%, prefi&rably more than 40 wt.%. 

The aqueous dispersion preferably contains a polymer whose vinyl 
aromatic monomer units are ^rene and whose glass transition temperature is higher ttian 
160*^0, more prefien^ly 180 <»c. 

The Invention also relates to compositions for paper stelr^ and paper 
coating fomnulatlons that contain the dispersion according to the Invention, and to fflm 
press applications of these formulations. 

Compositions for paper sizing and paper coating contain besides a 
dispersion obtainable by the process according to the invention one or more customary 
additives. The composition according to the invention is preferably characterized in that 
the composition may contain additives such as starch, polyvinyl alcohol, hyperioranched 
polyester amides, latexes or other binders. Hiese sen/e to prevent a coating prepared with 
the dispersion according to the invention from exhibiting fears. 
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The amount of disper^on contained in the composition preferably is such 
that the amount of polymer, that !s, the dry weight of polymer particles in tiie dispersion, is 
t^tween 0.1 and 100 wt% relative to total dry weight. A composftion for paper sb^g mors 
preferably contains between 90 and 95 wt% diy weight of polymer partides relative to 
total dry weight A oomposifion may be prepared by« for e»mple, adding a certain amount 
of the dispersion according to the invention to a solution of the other additives in water. 

The invention also relate to paper provided with a paper sia'ng or paper 
coating acconfing to the invention. 

The invention will now be eluddated with reference to the examples 
without being limited thereto. 



EXAI^PLES AND COMPAFRATiVE EXPERIMENTS 



Charactertzation techniques 



PQ$ m?a?yrernpnte 

The mean hydrodynamic radius of the polymer particles was determined 
by Photon Correlation Spectroscopy (PCS). iMeasurements were made with a set-Hjp from 
ALV-Laser Vertrielssgesellschaft mbH, of Langen» Germany (Coherent Innova 90 lon^ 
argon laser, using the blue line (488 nm), power 50 mW). The signal was received with the 
aid of a Thom-Emi photon multiplier mounted on an ALV/SP-8ei!FD53 laser goniometer 
(photon multiplier supply voltage about 1700 V. me»urfng angle 90'). The signal was 
processed by an ALV 5000 Multiple Tau digital ooneiator equ^ped witti the ALV5000/E for 
Windows software. The cumulanfs analysis method was used for processing the 
measured data and the Stokes-Einstein relationship was used for determining a 
hydrodynamic radius from the measured diffusion coefficient. 

For the PCS measurement the samples were diluted In demineralSsed 
water that had been filtered by a fitter with filter openings of 0.2 pm in diameter. The 
samples obtained after conducting a process according to the Invention were dButed 500 
times <to a conoentration of approx. 0.04 wL% solids or lower), and flie samples obtained 
after conduding a comparative expen'ment were diluted 50 times, to approx. 0.4 wt.% 
solids. 
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Prior to tfie measuromerrts, tfie measuifng cell was rinsed vvHh pariiculate- 
free water and th» three times with the sample solution to be measuned. A number of 
sample, from the comparative experiments, were not stable in water. These ^nqalea 
were stabilized using a buffer with pH 9 ± 0.Q2 (Titrisol of Memic) or a 10*3 M aqueous 
NaOH solution. 

^ptid^.Qpnten^ 

The solids content (SC) was detemiined with the eld of a ^Aettler ^e 
LP16/PM600 infinared drierAn/^her. If any polymer was left after the reaction^ this was 
filtered off, prior to detemtinaflon of the solids content, i^ng a paper fitter (MN640m 
medium retention and filtra&on S|>eed, supplied by Macherey-Nagel of Germany). Prior 
tttereto, filtering was efifected with a metal sieve with meshes 250 |jm wide, if necessary. 
The sdids mntent of the resultant filtrates, that wm dear to the eye. was determined In 
&»e manner known to those skilled in the art. 

pH measurements 

pH vali^ were measured using a lOiick 762 CI. No. 0S1489 pH meter. 
The pH mef^ was calibrated at 20^0 vinth buffisr solutions having a pH of 4.00 (titrate CI- 
bulFer). 7.0 and 9.00 supplied by Men^k. and was equipped with a glass electrode (3M 
KCI). The pH of the samples was detemnined at 20^a Samples ftom comparafive 
experiments were diluted to a solids content of about 10 wt.% If their solids content, and 
thus viscosity, was any higher. Dtspersions were not dSuted. 

Determination of decree of imidization 

The degree of Imldizatlon of the aqueous dispersions can be measured 
through for example Raman-FTIR spectroscopy by relating iho intensi^ of absorpttons to 
the IntensI^ of the same absorptions measured for a completely imidteed and a completely 
non-imldized reference compound. Before any calculafion was made, the signals were 
normalized to the absorption signals from the aromatic rings in the polymer chains. In 
conducting the measurements^ the following absorption bands were observed: 

- C=0 band of Imldes (around 1768 cm-1, relatively strong signal) 

- CsQ band of anhydrides (around 1860 cm-l) 
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- C=0 band of add groups (around 171 6 cm-1.mlatlvc!y weak signal)- 

As reference samples use was made of an aqueous anunonra solution of 
a polymer made from 26 mol% malelc anhydride and 74 mol% styrene made wtth an 
NH3:MA mo!ar ratio of 3:1 at 50''C (no imide groups) and an imidtzed SMA powder 
prepaid by mixing 2 g of SMA (28 wt% MA^; 72 wt% s^ne; molecular weight 110.000 
g/moI> with 0.50 g of uiea in a twin screw extruder for 5 minutes at 240*^0, wrth a speed of 
100 revolutions per minute. 



Contacst angle ipeasurements 

Contact angles were m^sured using the "Digidrop" contact angte meter 
supplied by GBX (of Roman, France). 0.5 mg of water was applied onto the sample and 
the contact angle was measured on the basis of a film of 250 images/sec. 



SMA-I 



SMA-li 



SMA^II 



8IMA With an MA content of 26 wt styrene content of wt 74 %» and a 
molectdar mass of 80,000 g/mo{ (SMA ^6080, with a dissolving 
viscosity of 0,35 dlAg (0.2 g SMA per dl of tetrahydrofUran (TUP)* 2S'C), 
supplied by DSM of the Netherlands). 

SMA with a molecular mass of 1 ,000 g/mol with an MA content of 48 wt« 
% and 52 wt, % styrene. Used In the f onn of a 1 5% solution of the K-se(t 
in water (SIMA 1O0O P Atochem. France). 

SMA with an MA content of 26 wt %, styrene content of wt 74 %. and a 
molecular nnass of 35^000 gAnol (SA/iA sz2603S) (supplied by DSM of the 
Nethertands). 



Example J 

140 g of ground SMA-l and 400 ml water were Introduced into a double- 
walled, oil-heated reactor of 1 litre containing a turbine stirrer and mixed at 500 rpm for 5 
minutes. To this was added 25.3 g of a 25 % solufion of NHs. corresponding with a 
MArNHs molar ratio of 1 :1. In dddifion, a solution of 4.2 g of a potassium salt of SMA-li In 
23.8 g water was added. The weight ratio of K salL-SMA = 0.03 :1 . Next, the reactor was 
topped up with water to 700 ml and pressurized with nitrogen to a pressure of 0.2 MPa. 
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The temperature was brought to 160»C and the stirrer speed to 800 rpm. The presajre in 
the reactor was approx. 0.8 MPa. After about 1 hour the viscosity of the reaction mixture 
increased enormousjy. whereafter the viscosity gradually reduced again. After 6 hours a 
polymer dispersion with a solids content of approx. 20 wt% had fbrnied. with particles of 
between 80 and 120 nm: the MA in these particles had completely imidlzed. The Tg of the 
polymer was between 190 and 200°C. The pH of the disperslbn was 6.8. 

245 g Of ground 8MA^ mixed with 300 ml water, to which 0.2 giam of 
Surfinol from Air Products was added, were Introduced into a douMe^walled. oit-healed 
reactor of 1 litre containing a turbine sUner and mixed at 500 rpm for 5 minutes. To tlils 
was added a 44.2 g of 25 % solution of NH3, corresponding with an MA:NH3 molar ratio of 
1:1 . In addition, a 49 g of a 16 weight % solution of a potassium salt of an SMA'll In water 
was added. The weight raUo of K salt : SMA = 0.03 :1. Next, the reactor was topped up 
with water to 700 ml. The temperature wae brought to IGO-C and the stirrer speed to 800 
ipm. The iwessure In the reactor w» approx. 0.8 MPa. After 6 hows a polymer dispersion 
u^th a aofids content of ^prox. 35 wt% had fornned, with particles of between 80 and 120 
nm; the MA In these particles had completely Imidized. The Tg of the polymer was 
between 190 and 20D<*C. The pH of the di^)ersion was 6.9. 

Example HI 

386 g of ground 8MA-III mixed with 150 ml water were introduced into a 
double^iled, oil-heated reactor of 1 litre containing a turbine stirrer and mixed at 500 rpm 
for 6 minutes. To this was added a 68.5 g of 25 % solution of NH* corresponding with an 
IMA : NH, molar ratio of 1:1. In addition, a 77.0 g of a 16 weight % solution of a potassium 
salt of an SMA-ll In water was added. The weight ratio of K salt : SMA a 0.03 :i . Next, the 
reactor was topped up vi^ water to 700 ml. The temperature was brought to 160^ and 
the stin-er speed to 800 rpm. The pressure In the reactor was approx 0.8 MPa. After 6 
hours a polymer dispersion with a solids content of approx. 55 wL% had formed, virtth 
particles of between 80 and 150 nm; the MA in these particles had completely imidized. 
The Tg of the polymer was b^een 180 and 190*0. The iitfi of flie dispeision was 6.9. 
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The dlspe^ons from s3l three examples did not exhibit any film-forming 
propertiea during drying. In ad ttiree cases, the contact ai^e of the dispersions appBed 
onto paper was smaller than 40"^. 

Compafatlve Experiment A 

A dispersion was prepared 1^ introducing into a KHitre autodave 1.5 kg 
of SMA-I, demlneraDzed water and a solution of 25% solufion of NH3. The molar raflo of 
MA : t<iH9 viss 1:2. The autoclave content was 7.5 kg. The autodav© was provided with a 
sflirer and \irith means of removing sanples from the reactor during the reacBon. Next, flie 
pressure in the autoclave was Incre^ed with N2 to 0.6 MPa. Stin-ing was effected at a 
speed of 210-215 revolutions per minute. The autoclave was heated to UO^'C at the rate 
of 4*C/min, in which process the pressure Increased to 1 MPa. After 26 minutes the 
Imldlzafion reacflon was stopped by nadudng the reaction temperature to SO'^C. The 
degree of ImidlMtlon achieved proved to be 65%. The solids content of the dispersion was 

20 vrt. %. The partides of the dispersion fonned a film as they were calandered onto 
paper. The contad angle was es"". 

Compargtlve Experiment B 

3 kg SMA-I, a KOH solution vMth a MA : KOH molar ratio of 1: 0.2 and an 
NH3 adutlon with MA : NH» molar ratio of 1: 0.75 were combined In a 10-lltre autodave. 
The total mass of starting materials in the autodave at the beginning of the reaction was 
about 7,5 kg. The autodave was provided with a stln-er and with means of removing 
samples from the reactor during the reaction. Next, the pressure in the autodave was 
increased with N2 to a pressure of 0-4 MPa. Stining was effected at a speed of 300 
revolutions per minute. The autoclave was heated to 140 ^C. The pressure Increased in 
thai process. After 21 .6 hours the reaction vi^s stopped by redudng the reaction 
tempeiBture to room temperature. 

There was obtained a dispersion with a pH of 6.9 and a solids content of 

21 wt%. Particle size approx. 100 nm: the dispersion possessed film-forming properties. 
The contact angle was 70'. 
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Comparative Experiment C 

140 g SMA-I, water, 4.6 g of a KOH 45 wt% solution In water, 
corresponding wH h a MA : KOH molar ratio of 1 : 0.09 and an 24 9 of a 25% NHS solufion 
in water, corresponding with MA : NH3 molar ratio of 1 : 0.85 wera combined Cn a 1-Iitra 
autoclave. The amount of water was adjusted so that the total mass of starting materials in 
the autoclave attiie beginning of the reaction was about 700 g kg. The autoclave was 
provided with a sdnrer and with means of removing samples from the reactor during the 
reaction. Next, the pressure in the autodave was increased with N2 to a pressure of 0.2 
MPa. Stirring was effects at a speed of 800 revolutions per minute. The auto^ve was 
heated to 160 ""C. The pressure inoeased in that process. After 6 hours the reaction was 
stopped Iqf reducing the reaction temperature to room temperature. 

There was obtained a dispersion with a pH of 7.0 and a solids content of 
20 wt.%. The dispersion had a bimodal particle distribution. Particle size approx 120 nm; 
the dispersion possessed film-forming properties. 

The contact angles of the coatings prepared with the dispersions 
according to the invention are substantially smaller than those prepared with the known 
cBsper^ons. This demonstrates that wtth the dispersions according to the Invention it is 
possible to produce a coating having much faster water removal than a coating prepared 
with a known dispersion. 
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CLAIMS 



1. 



3. 



5. 



6. 



8. 



Process for preparing an aqueous dispersion of a polymer, which polymer 1$ 
obtained by dispersing or dissolving a starling polymer containing anhydride 
monomer units and vinyl aromatic monomer units In an aqueous solution of NHd 
or an amine and subJecHng the starting polymer to an tmidteation reacSon, 
characterfzed in that tfia MdHzaUon reac^on to carried out in Vne presence of an 
allttili salt of an acid functional polymer contalnbig acid functional monomer units 
and vinyl aromatic monomer units with a temperature at wMch and a time period 
during which the reaction is carried out being so chosen that at least 80% 
imidizalion, relative to the anhydride monomers in the starting polymer* is 
achieved. 

Process according to Claim 1 , wherein the starting polymer is copolymer of an a* 
^unsaturated dicarboxylic anhydride and an aromatic vinyl monomer 
Process acoording to O^m 2, wherein the starting polymer contains 1 8-50 mol% 
of maieic anhydride monomer units and 50-82 mol% of vinyl aromatic monomer 
units. 

Process according to any one of Claims 1-3, wherein the molecular nnass of the 
starting polymer is between 20,000 and 300,000 g/mol 

Process according to any one of Claims 1-4« wherein the molar ratio between NH3 
or the amine and the anhydride monomer unite fn the starting polymer is 0.8-1. 
Process according to any one of Claims 1-5, wherein the add functional polymer 
is copolymer of vinyl aromatic monomers and a*p-unsaturated dicarboxylic add 
monomers^ or the anhydride thereof. 

Process according to Claim 6« wherein the acid functional polymer Is a styrene 
maieic anhydride copolymer (SIMA) with a moiecutar mass of from 500 to 150.000 
gAnol. 

Process according to any one of Ci^s 1-7| wherein the ^kali salt is a potassium 
salt 

Aqueous dispersion of a polymer containing imide functional groups, vinyl 
aromatic monomer uruts, and optionally anhydride monomer units, diaracterized 
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bi ttiat the ratio of imicle lUnctloimt groups to antiyclride monomer units is at least 
9:1. 

Aqueous dispersion of a polymer containing bnlde functional groups, vinyl 

aromatic monomer units, and optionally anhydride monomer units, chara<terized 

In that the ratio of imide functional groups to anhydride monomer units Is at lea^ 

4:1 and the dispersion has a soTids content of at least 30 wt %. 

Aqueous dispersion of a polyma* containing maldc anhydride (MA) monomer 

units and >^nyl aromatic monomer units, characterizml In thsA the MA Is virtually 

completely Imidized and the dispersion has a sonde content of more than 30 wt%. 

Aqueous dispereior) according to any of Claims 9-11, wherein the vinyl aromatic 

monomer unite are styrene and the Tg of the polymer Is more than lOO-C. 

Composition for paper sizing or paper coating containing an aqueous dispertion 

according to any of <daims 9-12 and one or more ojstomary additives. 

use of tiie composition for paper sizing or paper coating according to Claim 13 for 

the prepara6on of coated paper. 

Paper coated writh a compo^tion according to daim13. 
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ABSTRACT 

The invention relates to a process for preparing an aqueous dispereion of 
a polymer, whi<ii polymer fa obtained by ciispereing a starting polymer containing 
anhydride nronomer units and vinyl aromatic monomer units In an aqueous solution of NH^ 
or an amine and subjecting the starting polymer to an imidization reaction ih the presence 
of an alkali salt of an ackt functional polymer containing acid functional monomer units and 
vinyl aromatic monomer units with a temperature at which and a fime period during which 
the reaction is carried out being so chosen that at least 80% imidization. relative to the 
anhydride monomers in the starting polymer, is achieved. 

The Invention also relates to an aqueous dispersion of a polymer 
containing anhydride monomer unite and vinyl aromaUc monomer units, characterized in 
that the anhydride monomer units are fbr at least 80% imidlzed and the dispersion has a 
solids content of more than 30 wt %. 
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